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BILBY STEEL TOWER FOR TRIANGULATION 

PURPOSE OF TRIANGULATION TOWERS 

I n  niaiiy ~vgions it  is not possible to select stations for a schemr 
of triangulnt ion :ind hnvc thc stations intervisible from the groiind. 
:IS trees, building:, and other objerts obstruct the line of vision b+ 
tween adjacent points. On geodetic surveys, covering wide expanses 
of territory. the curvature of the earth must also be taken into nc- 
vount. Towers are, therefore, necessary to elevate above intervening 
obstructions the observer and his instrument at  one station and thcr 
signal lamp or object on which he mdtes his observations at the 
distant station. 

A complete triangulation tower is a combination of an inner and 
:in outer structure mutually independent ; that is. the two structurrs 
iiiust not touch a t  any point. The service required of a tower, when 
two olwrving parties are working a t  the same time at  diffcrent sta- 
tions in  the same figiire is, briefly, that  the outer structure must 
support the observer and the tent which protects him arid his instrii- 
nient from the stin and wind and, a t  the same time and without inter- 
ference with the observer or his work, support a light keepcar and thtl 
1:inip or heliotrope upon which the other observer is sighting. Thc 
inner structure must support tlie instrument with such stability that, 
except in very strong winds, its motion in aziiniith will never be so 
riipid nor SO great as to affect seriously the ticcurticy of the mcwurcvl 
:ingles :ind that its disturb:ince in levd will nwer be so irregnhr 
:IS to inconi.eniencc. the observer by niaking frequent ndjustnients 
necessary. 

WOODEN TOWERS 

Wooden towcvs w1'ci-e iisetl exclusivt~ly for triangulation towers for 
:I great many ycars but in reccnt years the cost of lumber and labor 
h:is become so high as almost to prohibit their use. Plans and spevi- 
ficstions for the various typcs of wotwlcn towers nntl illustr~itions 
showing their construction t i r ~  given in United States Coast and 
(icwletic Survey Specin1 Pnb1ic:Ltion No. 93, entitled " 1Zeconn:iiss:mce 
:rnd Signal Ih~ilding," by J. S. Bilby. The type of woodeli tower 
iiiost ge~iertilly used in  recent ycars is shown in Figure 1. 

STEEL TOWERS 

During tho winter of 1926 pre1imin:ir-y specificntions wt~rc prv- 
p r c d  by the writer for a steel tower that could repeatedly be erected, 

1 



2 U. S. COAST A S D  GEODISTIC SURVEY 

t:rlien down, and moved by truck to  a new station. Later, he took 
the preliminary plans to the factory of the Aermotor Co. in Chicago, 
w l i t ~ ~ ,  with the nit1 of their designing engineers and after s tvwal  
tests antl motlifications, a complrtc toww mas constriictctl : ~ n d  
t~rec4c~tl. 

Three cssentinl reqiiiremmts have t o  be sntisfietl to niakc the stwl 
tower a siiccess: First, the toww mnst have great rigidity antl sta- 

bilitv against ribrn- 
Y .  

tion antl a g a i n s t  
t TV i s t in  azimuth; 
second, the t o w e r  
must be so con- 
structed that  it can 
be readily erected 
and t a k e n down ; 
third, t h e  t o t  n l  
weight of R com- 
pleted tower shoald 
preferably be light 
enoiigh that  a single 
motlerate sized triiclr 
c:in transport i t  from 
station to station. 

1I.f t e r  the first 
tower had been com- 
pleted and twctcd 
at the factory a final 
test mas mndc which 
showed clearly the 
(1 e g r e  e of rigidity 
:mtl elasticity which 
could be espectctl in 
the towers. This  test 
made it clear t1i:it 
the steel tower ~~-o i i ld  
satisfy every rcqiiirc- 
ment. T h e  following 
plans, specifications, 
:ind instriictions to 
Iitlders were tlrnwn 
for  the :itItlitional 
t o m e r s  :ind for- 
w: i~~lcd  to  the 1Iirc.c- 
tor of the TJnitrd 
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BILBY STEEL TOWER F O E  TRIAGGULATION 3 

bidder must follow these speciflciitions and the details shown on blue print 
without any deviation therefrom. 

Both inlier and outer towers are t11rc.e-legged, as shown by blue iirints a 
showing ground plan of tower :it different heights. The outer tripod tower is 
vhangtul to hexagonal shape at section U-C, as shown by sections A-A, J3-B, 

All material of metal shall be of high-grade structural steel. A11 s t e d  parts 
hhiill be galvanizctl in rice-ordance with the liest practive after all machining and 
wehting is conipletccl, and shall not be subjvct to  flaking. 

There must be furnished with each tower :I diagrnni showing the size ant1 
the  factory number of eaeh of the pieces of the structure, including bolts, 
anchors, platforms, etc. The parts of the wveral towers must be inttwhangv- 
abl(.. 

The secstionnl lengtlir of the outer 2nd of tlie inner towers must l)e the  same 
as shown on the attached blue print. The towers must be so constructed thrit 
oiie or more of tlie Iowwt sections can he omitted when the full height is not 
needed. Holes must be III i I t le  in the tops of tlie anchor posts, as indicated in 
the sketch, in order that  the tower niay be adjusted in height on the anchor 
W S t S .  

L;idtlcBr steps niust be of the same typv as shown on the blue print. or of a 
type equally as strong. Thr steps will be used on nut' post of the inner towc'r 
and one post on the outer tower, as shown on the blue print.' 

Bands of p;iint, 8 to  10 inches in  length, must l)r placed on all upright :inA 
diagoii:il i i i w w  of the outer and inner towrrs. I3luc. paint will hc used for  
the o1itc.r to\wr ant1 ret1 for t lw i n n t ~  oiw. Tliiq will make it easy io seiiaratc. 
the pieces bvlonging to tlie inlier aiid outer structures. The bands will h~ 
placed a t  the top cwlq of thv scytionw trf the posts :ind 1ic:ir the  left-h:iiid 
entl of th(. ties ant1 tli:igonals, :IS viewed from outside the tower. The small 
b1UP print attnc*hetl intlic*:iic~s the parts of tlw nicqnlic-rs \vliic-h are to 1)C b:lndeci. 

There must be furnishetl, wit11 e;irh tower, estrti bolts to the  estent of 20 
c w t  for ('aC.lI size and lt'ngth of 1wlt used on the inner and Outer StrUcturW 
A like amount of nuts f(ir these boltst sli:tll also be furnishod. 

For a lot of 10 or more towers thwe shoulcl bc 6 anchors fvr c ~ ~ r l i  towc'r 
an([ 12 extra anchors. Tl1e extrit :inrliors ;ire to  w r i e  as rrplaccwithnts nlul 
also are fo r  use by tht. forward 1)iiilding parties prior to the arrivlil tit tile 
station of the tower with the regular anchors. 

There. m w t  be furnished with w c h  lot of towers 12 suitahlo w d  wrencller 
to fit all Iiolts and nuts and also 3 g o d  spike purwhes of sufficient length iind 
size to  clear llolcs and to spring pnrts together. 

TESTS TO BE MET BY COMPLETED TOWER 

iind C: C. 

INNFA STRUCl'URlO 

Horizontal  displacement.--A horizontnl piill c > f  -100 pnintls n t toi) nf inner 
strucLturc must not disI)I:ic*e tlir top by more tliaii (me-half inch. 

Angular  displacement.-A titngentinl horizontal pull of BO pountl.: :Ipplit?tl 
a t  the c o m w  of the  top of i n i i c ~  strurtart. iiiiist not (*aiis1' t i n  mgiilnr tlis- 
I~lncc~mcwt of the top of more than 1 minutr of nrc. This  corresponds to 11 
horizontal r1isi)lacomcnt of the corner of tlie structure with rekition to tlic. 
cenlt'r of about two-thousandths of nn inrh. 

A tnngontial horizontiil pull of 50 ptmntls at tlie corner of the inner struv- 
turc 23 f re t  1)elovv the  top must not (-;iuve a11 ringular displacement of the 
top of the structure of more than 50 scconds of arc. 

Vibration.-A wind velocity of 20 miles per hour nveragwl owr 1 mi nut^^ 
intervals shnll not ( ~ I u s ( ~  the top of tlic inner structure to \ibratt, in aziuiutli 
ninre than 10 seconds of arc. 

Semipermanent change in mimuth.-Gust< of wind of t i  velocity of 35 
mi1t.s 1ivr hour or 16 shall not ctiiist' a semilierniantwt nngular displaceiireut 
of the tog of thv inner Rtructure of Inore than 2 swontls of nrc. 

OUTER RTRTTCTURF: 

A horizontal pull of 600 pourids nt veiiier of side of outer druc tnre  :It height 
of floor platforni, the  pull being :ipplied through :I bridle attached to two of the 

1 I?igurr 2 of this ~iubliration. 3 Figwr 3 of this publirntion. 

O S 1 1 $ " - 2 ~ 2  



4 U. S. COAST AND GEODETIC SURVEY 

main posts, must not displace the outer strncturr horizontally by inore than 3 
i~ic~hes nor cause the buckling of any member. The snme pull applied to :I cornpr 
post of tht. outer structnrr a t  the height of platform must not tlisp1:icr the top 
of the structure horizontally by more than 6 inclie.; nor came hackling of runy 
member. 

DETAILED DRAWING FOR BILBY STEEL TOWER 

Figure 2 gives detailed drawings for  a lO3-foot innrr structiire 

show one side of c a ~ h  
striicture antl the manner 
in which the parts are 
:issembled arid bolted to- 
gether. Bolts are used 
throughout on both struc- 
tures, except at  the top sec- 
tion of the inner one, which 
is welded and has an  ad- 
jiistable top  secured with 
V-bolt clamps, wliich can 
be adjusted to  tlie proper 
height for the observer. 
One post o f  each structure 
is fitted with steps, as 
shown in the drawing. 
Sections A-A, B-TZ, and 
C-C show the design of 
the frame of the outer 
s t r i i c t i i r e  for the observing 
tent and the observer’s 
platform. Above this is 
the siiperstriicturc on which 
the lamp is mounted. The 
sent for  the lightkecper is 
2 feet below the top of the 
supwstriicture. 

Figure 4 shows a com- 
p l ~ t c t l  triangulation steel 
tower, consisting of an 
inner ant1 outer tripocl, 
cnch separatctl from the 
other so that the inner one 
may not hc affected hy the 
ol>srrver’s movements. The 
height of the inner tripod 
is !)O feet and the outer 
one is 100 fwt .  The t o t d  

weight of the complete tower, incliicling anchors antl anchor sills, is 
5,000 poiintls. I’lic mnxiniiini height of tower now in use is 10:) feet 
for tlie inner s t r i i r t i i r e  ant1 118 feet f o r  the outer one, a tower of this 
height wcligliing about 6,400 pounds. 
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Figure 3 shows the ground )Ian for laying out the holes and setting 
the anchors for towers of di 2 erent heights. The towers are designed 
so that from one to five of the lowest sections may be left out wliere 
it is not necessary to erect the tower to its full height. The measure- 
ments given on the ground plan correspond with sectional measiire- 
ments on the tower. 

ANCHORS 

Each anchor post is 5 feet long riveted to a steel footplate in which 
are four holes for bolting it to a wooden mudsill. The wooden mud- 
sills arc not supplied by the factory, h i t  timbers for them can be 
o\,tainetl :it any lumberyard. Each mudsill should be 3 inches thick. 
8 inches wide, and 3 feet long. The bolts should be put throu h from 

wooden mudsills should be made and bolted to the footplates before 
the towers are sent out to the stations antl need not be taken off wheii 
the towers are taken down and moved. The six crosspieces 2 by 10 by 
36 inches, menltionecl on page 7, are also carried from station to 
station. 

ERECTING TOWER 

the underside with a large washer under the head of the bo P t. The 

HOLES FOR ANCHORS 

The first step is to  t rwe  the outlines of the ides for the anchors, as 
sho\vn on the ground plan, Figure 8. A stake \vith a nail in the top 
may be used for a temporary station mark from which to locate the 
holes. It is convenient to use a small theodolite (fig. ti), and a steel 
tape for this work. The theodolite should be plumbed over the tem- 
porary station mark. The angle readings to the centers of tho three 
holes are Oo,  EOo, antl 210°, respectively, antl the distance from the 
center stake to  each anchor post is given on the ground plan. I n  
setting the anchors thc rncasurements given on the ground plan cor- 
rcq)onding to the heiglit of tower to  be erected should be used. 
I f  possible, the orientation of the tower should be, such that no line 
of sight from the head of the inner tripod will be obstructed by tt leg 
of the outer structure. With the aid of an azimuth compass and the 
progress sketch the approsimate direction of each line can be deter- 
mined and the holes can be located to give brst clearance for the lines. 
The holes should be about 8 feet square and 5 feet deep. The bottoms 
of the holes need be only approximately on thr snme lrvel, as  the tlif- 
ference in level can be adjllsted by the bolt holes in the tops of the 
anchor posts. 

Care should be taken to get the inner anti ontcr tower anchor posts 
in alignment with the station mark and to g iw  each anchor post the 
same slant as the corresponding corner post of the tower. 

SETTING ANCHORS 

The legs of the inner towtlr hare 11, different slope from the legs 
of the outer tower. To set the anchor posts nt the correct dist:inw 
from the center stake and at, the proper slope :I fraine template is 
iised. This consists of a 1 Iny 4 imh bo:lrd long enough to reach fro111 
the venter stake to the ontcr anchor post for the tallest tower. On 
on(' end of the boartl is nailed :L 1 by 3 inch bonrtl about 3 feet long, 
making the snme nngle with the long bonrtl as the oatw tower lcg 
malies with the horizontal plnnc. On the other cntl of the long boartl 
is nailed another 1 by 3 inch piecc mnlring the same angle with the 
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long board RS the leg of the inner toivrr malres with the horizontal. 
l l i ~  long boartl can be marlrcd with the distances from the center 
st:ilrr to the bottom of the I m ~ ~ r r  tower leg for towers of tlitl't.rent 
heichts. If th r  long board is plncctl on th(1 center .;t:ilrtl, m:itlr hori- 

r '  

1 

~~ 

FIGURI: ;1.- I''our-incli thcodolitc 

zontal with a carpenter's lcvcl, :ind held with tlic slope pircr for tho 
outcr anchor post against tha t  post :it the proper t1ist:incc from tho 
cmter  for  the height of tower which is being erected, then the anchor 
post can be adjusted for  slope ant1 distance at the snme time. Tho 
mine process is used fo r  the anchor post for  the  inner tower leg, using 
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the other slope piece and the correct distance from the center for  the 
inner tower as marked on the horizontal piece. The template should 
be so constructed that  the foot of the slope piece will reach to  ap- 
proximately the same point on the anchor post as the bottom of the 
tower leg. I f  this is clone, i t  will not be necessary to bend the bottom 
of the tower leg to fit it onto the anchor post. 

I f  towers of 77 feet, or less, to  the top of the inner tripod are built, 
zt second template is required, since the legs of the outer tower have 
a different slope on the two lower sections of the 103-foot tower from 
that of the upper sections. 

When the anchors are put  in  place they must be firmly settled by 
using a heavy ram, tlien by filling in dir t  antl tamping well to a dcpth 
of about 1 inch above the anchor timber. Then two planks, 2 by 10 
by 36 inches, should be placed crosswise on top of the anchor timbers, 
one on each side of the stec.1 post. The lower half of the hole can 
then be filled in. The  d i r t  must be well tamped and special care 
must be taken that  no  large rock or sod forms a solid connection be- 
tween the inner antl outer anchor posts. A solid substance between 
the two anchors will transniit movements of the outer tomcr to  tlie 
inner one and make accurat e observations impossible. 

LEVELING TOWER 

After the anchors a re  set antl holes are about half filled, a round 
of levels should be taken to  determine the place on eavh post a t  which 
each leg of the lower tower section should be fastened to insurc that  
tlie tower will be plumb. As shown on the working plans (fig. 2) .  
there are 14 bolt holes 1 inch apar t  in  the upper end of each anchor 
post. A bolt should he plncrd in  a hole of one anchor post and used 
for  a bench mark. The  instrument should tlirn be lcreled ovcr the 
center peg and a leveling rod consisting of a piece of 1 by 4 inch 
1)oard should be set on the bolt ant1 the height of tlie instrument 
inarltetl on it. By holding this rod beside each of the other posts antl 
sliding it up or down until the mark is again a t  the height of the 
instrument, the bottom of the rod will show which hole is at the same 
height as the bolt i n  the first post antl R bolt can be p1:w.d in  this hole. 
'rile lomcr section of the tower can then be bolted on, care being taken 
t o  use the prollcr hole in e:ich anchor as intlicntcd by the levels. 

srrlall theodolite used for  1oc:iting the anchor holes can be used 
as a levrling instrunicnt by setting tlie vertical circle to the reading 
corresponding to  tlie horizontal position of the telescope and then 
bringing tlir bubble to the venter of the tube by mcans of tlie vernier 
slow-motion screw. 

Since tlie holes in the  anchor posts are 1 inch apar t  it may some- 
times be impossible to bring tlie hottoms of the various 1t.g~ to  the 
Same lcvcl closer than about onc-half inch. If the bottom of one 
leg of r~ 90-foot tower is changcd in cllcvation l y  one-half inch, the 
top of thc: tower will be cliangcd i n  horizontal position by about 
3 inclies. I n  order to  provide a mcans for more acctlrate lcvcling 
ant1 centering of the inner and outer towers, clamps are sometimes 
nscd instead of bolts to fasten the tower legs to  the anchor posts. 
Tile c]:1ml)s are bolts V-shaped a t  the ccntrr, thrcadcd at both ends 
for nuts, ant1 long enough to pcwnit a cwssbar and f i l l ~ r  1)loc.k to b~ 
fittpc1 to t]ie inner angle of the leg or anchor post. (See fig. 2.) 
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The clamps can be made by any blacksmith, if the towers are not 
alrcadp equipped with them. They have the 21dde.d advantage that 
they permit x tower to  be ensily centered over a. mark mliicli is alreatlp 
est:ihlishetl, or to be recentered if the tower has been slightly pnshctl 
over 1)y liigli wintls wlicn the groiind iintlcr the anchors is soft. 

ERECTJON O F  TRIPODS 

Tloth innw nntl outer towers are bixilt up in sections of 13 feet 
‘I’hc IJ inches. w l i i c l i  is tlie Icngtli of one nitye of each corner nost. 

1 

mchbci-s of t l i e  inner ’ant1 outer 
t o~ tc r s  arc m:irked with paint of 
contrasting colors, as described on 
page 3, Each section his two sets 
of Iiorizontal members, and one, set 
oE tliagonal I)races as sliown on t!ie 
working plan. (See. fig. 2.) The 
horizontal niem1)ei.s are spacrtl G 
fwt  10 inches apart. 17igurc.s 6 ant1 
7 show the  first section of the towel. 
completed and the scconrl section 
iindrr conit rnrtion. ‘I’hreo mcn 
work aloft and one man on tlin 
groiincl send5 the pieces np :is 
ncctletl, using a singlc 6-incli ball- 
I)c:iring pnllt1y ant1 half-inch r o p .  
1 I I ( ~  p i ~ c ~ s  for the corncar po5ts ;ire 
sent l i p  first, picccb by piece, :in([ 
holtrtl in plncc.. Then ono set of 
horizontal ties is sent iip ant1 boltctl 
on. Ncst the diagonal 1)raccs arp 
sent up. The lower cntl5 are looltetl 
to thc corner pnst ant1 ncnr the 
intvrwdion of tho two diagonals 
t h t y  :ire bolted to the Iiorieontal 
tie. ‘I’liis complete.; tlic loirrr part 
of the section. Thrn the smnll 
platform at each cornvr of tlic in-  
ne r  tower on wliicli the wor1mi:iri 

r ’  
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Tlir two top srctions of th r  innrr towrr are then p i t  in plncr. The 
meltletl 10-foot iippcr section of th r  innrr tower is, of course, :ilw:iys 
t rmsportrd and ci*ectrtl as a unit. Tlir n r s t  lo\ver srction is :ilso 
iisnallp krpt, holtcd together and is rrecttvl as n unit. I4hrli is AO 

tlcsigned as to  permit being lioistrtl t l i ro i i~h  thr inside o f  tlir n t d  
lowcr wction. 

CONSTRUCTTON PLATFORMS 

Tho sinal1 plntforms nirn- 
tionctl nbovc. nro of g i w t  i i r i -  
portnnce. for npon tlir piqwr 
coii\t rnct ion nnd i i se o f  thcscl 
p1;itforin~ t1rl)cnds the safety 
of the nwn working aloft. 
'J'lirrr of tliwr trinnpilnr p1:lt- 
forins arr ncwlerl, one for cnrli 
of the innrr corners of tlici 
tolvcl.. Thcp nre dmut 24 
inches on rnch sidr. with 2 by 
2 inch clrntq nnilrrl on the iin- 
(lri-si(le to  fit closely d o n g  tlir 
oiit\itIr of  the horizontal t iw 
on which the platform reqts. 
Kacli workninn ninst bc cai i -  
tioiiotl t o  in:ike certain tlint tlicl 
p1:itforiii is scciircly in place 
Iwfore trliqting his weight upon 
it. In :I strong mind the pht-  
1'01-111 i i i : ~ ~  I)(> lifted olit of 1)oGi- 
tion witlioiit tIir workmnn no- 
ticing it. Vndcr contlitions of 
liigli winds n c*oiiplc of strong 
spring c l i p  slioiiltl i)c l'nstcnctl 
to tliv iintlri,sitlr of cnch p l a t -  
form i n  siicli position tli:it& on(' 
cntl of oath (#lip can I)e slipprtl 
iintlcr tlir fl:rngc of t h r  I ior i -  
xont:il \tc r l  I)ir(*c on wliicli tliv 

foim wcni.cly in position. 

I 

p1:It ~ 0 1 ~ 1 l 1  1'Phth to  Iioltl the plnt- 



tctrials will usually control tlie vhoicc. of th r  mark to I w  uuwl. T l i ~  Inw:iulions 
to he taken i n  crt:ihlirliing ~ac.11 kiiitl of mark nl'e 1)rit.flg stated helow. 

(1) In, ~ o c k  oicfo.og.--C:irc should he taken that thv rock in wliicli n ~ii:irk is 
set ic: Ii:ird and is pnrt of the m i i n  Ietlgc, not n tletnchctl f'rngmvnt. ' I ' I I ( ~  1nl)lrt 
slioultl be count(>rsunlr niid ~voll cvmeiitrd ill. 

( 2 )  I i i  boirld~~rs.-When n tnblvt is w t  in n howlder, tlie lnttcr slionlil I)(, of 
dui~11)le m:itcri:il :uid of cross wvtioli. area. ant1 tlentli below tlir surface not 

__  . .  . . .  

I &  than ihe  stnntlnrtl cwncrrtc, mnrlc 
a s  dewribvd bdow. 

( 3 )  I n  r o d ;  lcdf lw bclow .?iirfow.-- 
When t h r  ledge is only sliqhtlg hi,- 
low the surf;icc, n t:il)lct <et in tht. 
usual innnlier in the I ~ l g r  will I)? 
sufficient, grovidc tl two rt3fwcmc.e 
nxirk!: :ire c~stnbli~hetl. \Yherc. tlir 
lctlgc is so far below tlie s n r f n t ~  tha t  
a surfiicc mark is required, n tnl)l$% 
o r  cnlipw bolt should bc scLt in  the 
I~dgr, tlir ledge carefully bruslird or 
w:i~Iicd off for :I space at  lciist 18 , 
irichrs in di:imc'tc~r, : i i id  n concrrt c 
surface mark pI:icc~I nhove the  w h -  
surface mnrlr. A tnhlvt shoi~lcl he 
set in thc surfan. mark clircc.tlg n w r  
the \uhc:urfnce t:ihlct or holt. If tho 
rock Ietlgr in which tht. suhsurfncc 
mark is  wt i s  very smooth, i t  should 
l i t ,  furron6.d with :I clii4c1 to nffortl 
Iirttcr anchorage for  Iltc conc*rctct. 

mark should hv eithvi- n fru<tiim of 
a cone o r  of :I p~ rnmid, or  1i:ivc th 
form of a po5t with nn c>nlnrgrtl 
h : t w  If o f  pyrnmitlnl or conivnl 
form, the  sides shoiiltl Ira\ P :L h:ittw 
of nt l e a d  1 inch to  1 foot. W h m  
:I post with nn twlnrgcd bn<c i s  uwtl 
t h r  bottom o f  the  l ) : i \ ~  should I ) ,>  4 
inches Inrwr in  1cn.t horizontal di- 
mvnsion t h m  the poqt pi'opc'r and 
-hoiiltl have n vrr t iml  t h i ~ l ~ i i c r s  nf 
:it least 6 incbhes. If tlie cmicw.tc is 
vast in plnco thc c~nI:irgotl I ) : I V  r n ~ i  
cvisily br  pravitlrtl for by 6vil:irginq 
t h c b  bottom of the holv : i t  tlie \itlc\ 
w I th  thc  t li ggw. 16st rmiit> c:i re  
\hoiiltl be usctl to  nvoitl iiiriking tlir 
mark with n muchrooin top or with 
Irojwting roriiwq I I C ~ I I '  t l i c b  surf:icc., 
wliicsh wnulcl proviilc l e v ~ r n q r  Flint.; 
for frort :icstioti and ivcinltl iii:ilie 
iqsicr tlir m:ilicious de<truction of 
thp in:irk. 

(4) I?? C(J9?CW'fC.-( ( 1 )  & ~ ~ i f / ~ J P . - ' ~ 1 1 ~  

( b )  Ni:c oi i6  dr~pth.--'I'h(~ cwnrretc 
post shonld c b x t c n t l  t o  :I c lq) t l l  of 

from 30 to 36 iircliw, tlclit~~tling n[ioii the kind of soil. I t  4ionltl l i t 1  not Iws 
ihiin 14 iiiclios in diniiic~tc~r, cscq)t th:it t h c k  nlipcr 12 indies nin? 111. i n  thc. cli:ilrc~ 
of n fixrtnin of n coiie or pgrnmitl with t l ~ e  uppf'r s ~ r f a c e  not Iws t h a n  12 
inc-liw in t1i:imcstc.r. IYhcrc ihc ~ii:irk is  not in  thc pnth of tr;ifW or i i i  soil 
subjrct to cwltivntion, it <honltl (Bxtcmd from 2 to 4 in(-lies :tbove the silrfnrc.. 
JYhrn lornlc~tl wlierc traffic p:r over it the top of the ninrk should bc 
slightly below the surfnce. 

J:c.foi*e svntling tlicb towers out a t  the  bcyzinning of a swson :I wt of fornis 
rliciiiltl l)e iri:it lt .  for tlie station and rcfcrc~ncc~ rii:irks :inti w r i t  ont with ~ : i ( . I i  
tower. When the tower is taken down :ind movc.d, tho voncwte ~ I I  thv marks 



will hr srt niitl the forms can lie taken nff :inti srnt foiwnrtl with tlic tower so 
as to lw rrrttly for iiw :it thc nrxt stntion. If c w c  is tnltrn iii rrnioring t lw 
forms, thry r:in 1 ) ~  nurtl tlni.ing : i l l  rntirc sr:i.;oii's work. 'I'lit, Iiimlwr for :I srt 
<if forms cost.; $1.75, ant1 it rcqnirrs one Iioiir f o r  oiic m:tn to ni:iki. onti sc>t 
of forms. TVliilc this is n sinnll itvm, it will :imoiiiit to :ilioiit $f;O lwi* montli. 
nsi t l r  from tlir tinip snvrtl in eoinrr nrtcr Iiiiiilier. nntl is W P I I  worth conqitlwins. 

'I'lir prnwxliirr i n  mnkinq Ilic 
Rtnntlnrtl cwirr t t r  mark i.: :is fol- 
l o w :  A holc i.: dug to  n dq)tli of 
3% fret or more. It shoiiltl I)e 11; 
inches in tlinmrtcr for t h r  top 2\!! 
f w t  nnd 10 iiirlir.; in tlimiic~lor tit 
tlir lowcr (.nil. C'onc.rvtr mntl(~ t i l '  

good crmcnt, snncl, nnd gi'nrcl or 
hrnken rock is placed in tlie Io~vci- 
1):irt of t l i r  holv t o  :I tlt'pth of  G 
inrhw. A st:iiidnrd tnhkt  stnticin 
ninrlr (fig. 11 ) iq Ihm Set in tlip (vin- 
cwte, with thr top of llir tn l ) lr t  
slightly dcpresu~d. This comlil(~tr.: 
tlie untlergiwntl mnrlr. A 1:iyc'r :)I 
4 to 0 inclic.: of snrid or tlirt is tlirii 
piit into the holr. 'l'lic. holv is t l i v i i  
cwlnrgrtl rilmiit 2 invhc's in rntlins 
ncnr thc liottom in order that 11i(> 
1oivc.r rncl of thr Iilorlr of colicrrtc 
for the si1rfat.c mnrl; will lie niii.:li- 
roomrtl, nnd then thc holr is flllrtl 
with c*onc.rrtr t o  milliin 9 inches of 
tlie s u r f a r ~  of thr gronnd. Ncst : I  
i i i o l d  or frnme 1% inc.liw on :I sitlib 
:it 111'' top, 1:: iiichcq at  the  bottom, 
:ind 12 iiicliw in dtxpth is st.1 in t ! i r  
holc on top of tlir coiicretp :ind fillrtl 
in nronntl th r  outsitla wit11 clii.1 
tnmgc,tl firmly. T l i ~  frniiir is t l i c ~ n  
fillotl with coiirrrtc I ~ r l  with its toll 
ant1 n .:t:indnrtl 1:ihlrt stntioii iiin:*Ir 
(fig. 11) is s r t  i n  the rcntcr of' t l w  
cotirrrtc, with tlir top of t lie t:ilikt 
slight ly dtyc,qsc'd. Thc tnblrt in1i-t 
I)(> ctwtcrc~tl rxnc-tly o r w  1 1 1 ~  iiiidcin- 
ground ni:irk. The. top o f  1hr v o i i -  
(w$c shonld br .moiitht~tl with : I  
tromcl tint1 the fr:inir qlioiilil 1w Irf't 
in pl:rcc to protect tlie cwiicwtr nntil 
i t  11rc*nmes firmly st't. 

Care niiist 110 t:ilic.n not to distnrli 
the pouition of t l i t h  t : i h l t t  i i i  tlic. nn- 
tlt~rgronntl imrlr wlirii pl:lriiiq tlic 
l:iytsr of s:ind o r  dirt ant1 wlirn 
ILoiiring the  wricrc~tr for  tliv snrl':ic*v 
in:irIr. A picw of thin I)o:lrd ~l ioul t l  
l i r  I)lnrrtl o ~ r r  flit. Iowvr n i n i ~ l <  or 
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(2) Marsh.-Where the sarfirce of the groiintl is too wft to  hold n m:irli of 
tlic usii:il typr, a p s t  of tliir:il)lc wootl rlroiild lie forctvl down vertically ns f a r  
:is it  will go, its top cut off flush with the surf:iccx, :rnd a swwr tilc nt 1e:ist 0 
itic.hes i i i  tlinmotc~r s r t  into the rn:lrsh :iroiintl the  top of the post. The tile 
n l i o i i l d  thcn IJP f i l l r t l  with conrrete and. n t:il)let set in  tho top. Whtw the  
ni:irsli is  very soft lint dries out :it ccrt:iin s~~:i.;ons of the yonr, suc.c+rs.;ivr tilrs 
(.:in tip fnrcrd down nrnnntl tlic J)ost. tlie post then cnn br withtlrnwn nntl the 

mutl workcd nut Irom within tht. 
tiles, ant1 the tiles thvn fill(~1 w.th 
n hyt1r:iiilic crmrnt mistiirr. 
(3) Land subject t o  cultiva- 

tion.--'J'lic. snl)\iirfnce or l o ~ c r  
mnrli slioiild he t i  t:ihlet in 21. block 
of c.oncrrtc~ 10 incalies square or 10 
inc1ic.s in dinnietrr and f i  inches 
thicli, sct with i ts  top 3 fc c t  b c ~ l o \ ~  
the surfncr. The upprr mnrlr 
slionltl he n t:ihlrt sct i n  1 ) l t ~ ' I i  
of concrete 15 inches in least bori- 
zontnl cross-wcatioti dimension and 
21) iiirhes high, with i t s  top 1% 
inclrcs below tlrr surface of the 
ground. About 3 inrlics of dirt 
.dioultl be glntwl betwren tlie con- 
c.rrtc' block.; hcnring the upper rind 
1owc.r mnrlrs. 

All st:itions so marlicd should 
he rc~fcrrntwl by two standard ref- 
~ ~ C I I C P  mrirli\ plncrtl on prolwrty 
I)oiinilnrg linrs, prefcrnhly nlong :t 
~~ell-c~st:il)liclictl highway or qn:ir- 
tcr-scction litic, iir n l o c ~ ~ t  inn w l i ~ r t b  
tlirrc. ii: little lilirliliood of tlivir 
h+ng diflurlwtl. T l i ~  directions to 
t l i o  rcfcrvncc mark9 ~lioiiltl 11 
such a s  to  g i w  n good angle of 
intersccLtion :it the htnfion. The 
rrfrrcwcc marks may lw :is miicli 
:IS n h:ilf mile from the station, 
if' ncccssarg, proyitlctl they cnir be 
q v n  from the stntion. 7'hc di :- 
t:] n w  to each rrfrrcnco mnrk 
slioiIld Iw rnrefnlly mrnsnrc~l. 
Otlicr tli\tances, snrali n q  tliosc to 
tlic ( ~ n t r r  of :L highwig. tlie cnr- 
ncr of n building, o r  tlie cvnter 
of n melt, slitmltl lw mrasnrctl i f  
frxsiblc. Two or more snth 
iiic:i\nr(wents will intwsect .;o 
n'iai. tlic. +tation tlint tlrc concrrte 
I)loc*l; will e:isily foiintl with a 
\iiinll prodding rotl. \\'lien nicyns- 
iiremrnts arc mntlc to 1)iiiltlings 
nr oilier ol)jects the tlirertioris 
ninst also be given. I f  mc:iwrc- 

menis of this kind are m:itlc the stntion may 11r1l:i Ilg I)c cnsilg rccovtwtl, ilionfh 
thc  refcrnirc marks mng both lie cleftroyrtl. rh- mcw.;nrcmwts to  n rmcl 
hlioultl :ilw:iys he i o  t11v caentcir of the  road nntl not to  th(1 frnrc lint.. All (lis- 
t:inres must be c ~ ~ r r f u l l g  mcnsurR1 rintl not rstimntcd. Care sliould 111. talrrn iri 
Iil:iczing rcfcrcnce marks along highways, for  nearly a l l  Rtntes are widening tlic 
Iiieliwngs. 

REFERENCE MARKS 

Dhch rrferencc mnrk slioiiltl rnn4St nf n mctnl tahlct similar i n  ~nntrri:il ant1 
s l i : i I i ( b  to thc sttitinti ninrk. hnt I~cinring :in arrow wliic*Ii poirits to  fhr stntion. A 
rt-fc~rrnrr m:irk shonltl l)r stnrrrpvtl with t l i ~  s:imr t1wign:it ion ns it.; stntion ni:rrk, 
:cnd ulicrc there is more t1 i : r t i  o n c  rrftwwc.cb iniii Ir t l i r y  slionltl hc nnmlicrrcl 
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wdal ly  in  a clockwise tlirection, the number to bv stamped upon e:icli oiie. 
Eacli should be set under the same conditions as specified for tlie station inark, 
except that the conc’rrte pjst in which i t  is set may be 2 inches snialler iii 
diameter and 6 inches shorter than for the station mark. 

E:ich station mark must have a t  least one reference mark and should pref- 
erably have two. If the  station mark, due to surface conditions, is entirely 
beneath the surface, thvre should be two reference marks, unless there a re  per- 
manent witness murks, sue% as ro:id crossings, etc., which will serve to  locate the 
station without a n  excessive amount of digging. I f  the station mark is on 
ground liuble to be disturbed or wrishcid away, two reference marks slioultl 
invirriably be established. These should he so locrited as to  iivoicl the probability 
of both being disturbed by the s:imr cause. They should :iho preferably be so 
located a4 to  give a g ~ d  angle of iritersection a t  the station, or else be placed 
in range with the  station. 

Material.-The miiiii considerations in milking concrete arc to  have clean 
materials, mix them well before adding water, have the mixture not too wet, 
and tamp well into the form. Each streak of dir t  i i r  concrete metrns a linv of 
r1e:ivage. Where rough aggregate is available the proportions may very well 
vnry from 1-24 t o  1-34, but the top 12 inches of the niark should be ot con- 
siderably richer mixture. Where only cement and sand are  nvailable the  lower 
par t  of tlie mark sliould be proportioned 1 part  of cement to 3 parts of sand, 
and the upper part should be 1 part  of cement to 2 parts of snnd. With a mark 
of the proper size it will not k necessary t o  reinforce the c.oncrt>tc with mettil 
rods or wire. To rivoid cracking of the concrete, due to  rapid drying, i t  should 
be ctrveretl with paper or cloth :ind then with earth or other material for a 
period of a t  leiist 48 hours. 

AZIMUTH REFERENCE MARK 

At stations mlicre x tall tower is used to rendw adjacent stations visible, the  
observing party is instructrd to measure the dirc’ction to some near-by perma- 
nent object which is  visible from the ground at the station, in order thitt sur- 
veyors using the stittion af ter  the towvr i s  rcmovtd may be able to  obt:iin a n  
azimuth, or direction, as well as a geographic position. I f  no perinuiicwt 
shiirply dtifinetl object, such as IL churrh sterple or- water tiink, is  visible froni 
the grouild, then a reference mark must be established at  least 100 yiirds from 
the station and i n  a location where it will bc visible through a n  instrumrnt 
mluntcd over the mark on an ordinary surveyor’s tripod. When an azimuth 
reference mark is  established only one additional reference mark i.: needed. 

TRAVERSE STATIONS 

T h c h  size and character of the mark a t  traverse stations should be the stimp 
a4 for triangulation stations, except that  cc’rtain stations may be left without 
perminerit mrirks when several :ire close together. The following rules wil! 
apply to  the clistribiitioii of I,cmnanent nirirks on first-order trrrverse. 

I n  gencwl, thrre  should be a permanently marked station at  kast every 3 
miles along the  traverse, except when a section of traverse along a tangcmt is 
more than 3 miles i n  length. A traverse stiction should always be pwm:ilwntly 
marked if either of the lines lending from it i s  n mile o r  more in length. W h c ~  
21 station is marked in a perm:incmt mannw, one of the atljncent stations mn\t 
be permanently marked in ordw tha t  ii line of known length and direction mag 
be rcwvrmble. Tr:ivcirsr stations which are not marked permnnently should 
be marked by sta1~t.s of some durnhlr wood in  order that  they may be recovpr- 
a b l e  for a t  least :I few years. 

Tht.y should bci 
used when the station mnrk is (Jntirchly bpneath the wrfnce of thp ground and 
there aro no p r m a n w t  witness marks near it suvh as road crossings, etc, Ref- 
ervwe marks should ht. wt if tlie station is a t  a railroad crossing o r  juncticiii 
I d n t  or if both of the a d j n f m t  st:itions a r e  4 or 5 m i k s  distant. In C ~ P S  where 
rrfwenve marks are  required, two should invariably be wtnhlished for cv1c41 
station. They should be so located as  l o  avoid the probability of both hping 
clisturbed by the same CIIUSC. Along a railroad track they should usually bc 
gloct~I  in the fence lines of the right of way and on opposite sides of the tr:ic.k. 
They should be so loc*:ited as to give a good angle of intersection at the statioii 
or elsc be in  range with the station. Traverse stations along a. beach which 

Refwence marks should be estahlishcd only in srwinl cases. 



nrtl s i i b j w t  to lo% by tlic erosion of the sliore line shoultl hnrc two rrfcrc.nc1- 
mirks  placet1 as far hack froiu tlir shore line a s  pr:irtir:il)lr. 

\\'licnr\rr n horizontal c'oiitrol mark is to s w w  also n.; :I I ) t m a l i  iiinrl; it shniild 
cv~ri~rspontl in drptli t)rlow the mrf'nc*t~ to  the rtyiiircmiciits for bciicli i~i:irlw 
(Set- Sprc. I'iih. No. 140, p. 31.) 

VERTICAL COLLIMATOR 

An instrument called n verticnl collimator is iised for centering 
a tower over the mark of n previously established station, f o r  plnc- 
in, :L m:irk iintlcr a new tower, o r  for centering tho thcodolitc or 
1:i;np OWI* the stxtion m a r k  'I'hcrc shoiild br 'an openinE in 

ccmtc.1- of t l i v  c:ip block of t l i c  innor tower :il)ont 4 inclics in  tlinnic3ier 
:inti one in tlic cap bloclt of tlic outer tower about 6 ixiclies in c1i:inie- 
tor, to  permit tlic instrumcnt to be iised. 

OLD TYPE OF COLLIMATOR 

Two tliffcrcnt, types of wit icnl  collinintors :ire shown in V i p r e s  
12 ant1 XI.  Tlir onc sliown in Figlire 12 mill 1)c tlcscribctl lirst. 
In pi-incil)le tlir instnlinent consists of n tclcscopc fitted with :t 
clinphr~grn bearing cross wires, n tribrnch with tlirre loveling scrc\vs 
:inti :I long veitic:L1 collar, into which the telescope is pl:ic.cvl with 
t l l ~  eye r11d I I ~ I W I T ~ ~ O S ~ .  N w ~  the C',W end of tlio tcl(w.opc i in( l  
cccentric:illy placecl is n l e d  a t  right angles to  the axis of the 
telewope. 
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To adjust the colliniator place the cross wires in the focus of the 
eyepiece by pulling out or pushing in the eyepiece until the wires 
are as sharply defined as possible, then focus the telescope on the 
object beneath so that there is no shifting of the intersectlon of the 
wires over the object as the eye is moved across the eyepiece. Nest 
the level is adjusted in the usual manner until there is no movement 
of the bubble when the telescope is rotated. Finally the cross wires 
are adjusted by means of the diaphragm screws until the intersec- 
tion of the wires remains on a point in the field of view when the 
telescope is rotated. When so adjusted the point covered by the 
intersection of the cross hairs in the field of view is in the vertical 
line passing through the center of the telescope. 

I n  actual use i t  is not essential that  the instrument should be in 
perfect adjustment, for if the bubble is brought to the same read- 
ing in each of four positions of the telescope, about 90' apart, four 
points may be determined on the ground, and the intersection of 
the lines joining the diagonally opposite points will be the point 
sought. 

PLUMBING IN A NEW STATION MARK USING OLD TYPE OF COLLIMATOR 

Ordinarily the tower is built first, and then the station mark is 
put in place. A small stake is used for the central point in laying 
nut  the ground plan of the tower. I n  this case no special effort is 
rriade to center the cap block on the inner or outer structure over 
the stake, but after the tower hiis been completed the vertical col- 
limator is used in centering the mark. With the vertical collimator 
shown in Figure 12 this is done most conveniently by first plumb- 
ing in iL point on a bench a few inches above the ground. A bench 
ran be made by driving two stakes about 4 feet apart, one on each side 
and in line with the center stake. Place a 1 by 4 inch board across 
the top of the stakes, then nail to this board another piece about 
12 inches square directly over the center stake. Drive a nail through 
one end of the, 1 by 4 inch board into the stake a t  that end, and a t  
the other end drive a nail about one-half inch into the stake. The 
latter end can then be moved to one side when necessary, and can 
be replaced exactly in its original position a t  any time. 

With the bench in position proceed as follows to plumb down froiii 
the cap block on the outer tower, on which the lamp or  heliotrope 
is t o  be posted. Place approximately in position on the cap block :I 
board about 12 inches square with a Ih-inch hole in the center. Set 
the vertical collimator on the board directly over the hole and after 
leveling the instrument withdraw the telescope and insert the 
plunger, move the instrument until the point of the plunger is in tllc 
center of the hole in the board, then withdraw the plunger and insert 
the telescope and move the board horizontally until the vertical line 
defined by the line of sight of the telescope passes through the center 
of the opening in the cap block on the inner tower, correcting the 
leveling of the collimator as the board i s  shifted. Then fasten the 
board securely to the cap block with screws, and plumb down ancl 
locate a mark on the bench as follows: Have a man hold a square on 
the bench and shift its position until the line of sight of the vertical 
collimator coincides with 0110 etlge of the square. A line shoiiltl 
then be drawn on the board along this etlge of the sqiiarc.. Nrxt 
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turn the telescope of the collimator 180" ant1 repeat tho operation, 
lrtcping the squ:ire parallel to its first position. Then turn the tele- 
scope of the col1im:ttor !No and 270' from its originnl position and 
1oc:tte two more lines on the hoartl :It r ight  anglcs to  the first two 
lines. This  program gives a direct and reverse pointing in each of 
two directions approximately a t  right, angles to each other and thc 
intersection of the two diagonals of the resulting rcctnngle on the 
bench is in thc vc>rtical line through the telescope of the collimator. 
The point on the bench can then be used for setting the station mark 
hy drilling a small hole through the board nntl using :i plummet. 

NEW TYPE OF COLLIMATOR 

The  new type of co1lirri:itor shown in F i g ~ r e  13 consists ofen  right- 
anglotl telescope, the objective end of which is mounted vertically in 
R brncket collar which is 
supported by a tribrnch 
with three leveling screws. 
The  vertical element of 
the telescope can be rotnt- 
ed in its collar through :in 
angle of somewhat ino1-c 
than 270", which permits 
the cross hairs moixntcd 
on the clinphragm of tlic 
ri,rrht-anglecl eyepiece to be 
ntljusted to the optical nsis 
of the telescope. A level 
biibble is attnclied normal 
to  the vertical clement of 
the telescope :ind revolves 
with it. l'lie bubble ant1 
the  cross hairs are testetl 
and ncljustecl in the ~ w : i l  
manner. 

Thc collimator is so con- 
structed t l int  it can br 
mountetl on a n  ortlinnry 
theotlolitc tripod. The t r i -  
pod slioiild have an :idjust- 
able head which will iicr- 
mit of snmtl Iioriznntnimotion of thc1 instrumcnt on thc tripotl l i r ~ i t ~  
to facilitate plumbing the instrument over or under n definite point. 

t h t  cup block of t& l ight  stnnd set, up the  collimator on its tripod 
approsimntcly in its correct location, atljiist nntl l r w l  the collimator, 
nntl attach the plumb bob. By siphting upward a t  the hole i n  the 
cap bloclr J close estimate can be mndr of the distance the tripocl 
milst he moved to placc the collirrintor directly beneath the holr in 
the cnp block. A piccc of k)o:irtl m:iy be plnccd on the groiintl br- 
neath thcb plumb 1)nb ant1 the point for  the nrw trial centering of 
the col1im:rtor m:irkc>tl on thc I)oartl. The tripotl is tlim shi ftetl 
and centertvl roiighly by the plumb bob ovcr tlir 11cw trial point ant1 

T O  m , i n e  a o i n f  on, the  yroirnd dir~t7,t l  hrnenfh thc  holc 
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the instrument accurately leveletl. Usually the final adjustment 
into the vertical line through the hole in the cap block can now be 
niade by shifting the adjustable tripod head. The bench described 
on page 16 for the old-type collimator is now built, without disturbing 
the collimator, and the exact point on the bench is cletermined by 
means of the plumb bob attached to the collimator. 

T o  center the hole in the cap block of the l ight s t m d  directZy over 
the 8tatiun mal& set up the collimator direct1 over the mark, adjust 
:ind level it. Mark on thc under side of t l e cap block the point 
where the vertical line of sight strikes it, and bore a hole in the cap 
iilock a t  that point. "he eccentricity of the old hole can then be meas- 
ured directly and the old hole pliigged up, the new hole being used as 
a lanip ~r~oiinting for :ill fiitiire paintings. 

USE OF THEODOLITE IN PLACE O F  COLLIMATOR 

I f  a vertical col1irn:itor is not available, the centering can be done 
with a theodolite or transit. The instrument should first he put in as 
nearly perfect adjustment as possible. The objective should be 
focused until there is no parallax or  apparent movement of the inter- 
section of the wires over an object on which it is pointed when the 
eye is moved back and forth in front of the eyepiece. The stride 
level should be carefully adjusted. The instrunlent should be set up 
at a distance from the tower about, equal to the height of the tower 
xiid leveled up by using the stride level. Of course, if a transit is 
used, the leveling must depend upoii the plate levcls. A pointing 
should be made upon the center of ths tripod head, using tlie slow- 
motion screw, and then the telescope should be plunged down to 
point to  a piece of horizontal board placed on the ground under tlie 
tripod. Two marks should be matle on this board, onc near the side 
toward the instrument and one near the far side, both coinciding with 
the line of sight of the instrument. The telescope should then be 
reversed, the instrument rotated 180" around its vertical axis, :I 
pointing made on the center of the tri otl lic:id, and the telescope. 
t i p in  plnnged down to point to the b o a r l  If the line of sight is now 
slightly to one side of the two marks on the board, due to a la& of 
perfect acljustrncnt of the instriiment, two more marks should bc 
m:tde on the [ J O R ~ ~  beside the first two to define the second line of 
sight. A line should then be drawn on the board to give the mean 
position of the two lines of sight. ?'he theodolite should then be 
moved to a point about 90" around the tower and the whole process 
rcymitetl. The intersertion of the two lines will be the point sought. 
If the riiark is already estalilishctl, a similar proccss can be used to 
plumb up to the tripod hcatl. 

TEARING DOWN TOWERS 

The towers are talteri down b j 7  reversing the order of thc opc'ra- 
tions used in their erection. Each part  of the inner structiire iq  

ni:irked with a bantl of red paint and each part  of the outer structure 
with a bantl of blue, thus niaking i t  c : q  to separate the parts f o i .  
each strucbture. As the tower is t:ikcn clown the rods and crc!ssbars of 
each section are wired together with No. 14 stovtlpipe wire. The 
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upper two sections of the inner tower are lowered, then the work 
starts a t  the top of the outer tower and continues downward. The 
lower sections of the inner and outer structure are taken down, sec- 
tion by section. After  the anchors have been taken out, the holes 
must be filled, well tamped, antl rounded up to allow for settling, 
in order that  the ground may be left in  good condition. 

ORGANIZATION OF PARTY 

The organization of parties ant1 tlic manner in which the work is 
carried on are as follows : 

One chief of party may have charge of the tower-c.onstruction par ty  
and another chief of party have cliar re of the observing party, 01’ 

the observing parties ancl have a signalman or foreiiian hand to sii- 
perintenti the building. I n  either case the construction party should 
consist of 3 subparties-2 advance parties of 4 men each ant1 1 rear 
party of 4 men. At- 
tached to  the construction party are two men, each with a 2 5  ton 
truck, or a truck ancl trailer, with which to more the towers for- 
ward. Each subp:irty must be provided with a truck as a. mcnns of 
transportation, and with necessary tents, tools, instruments, and 
equipment. The  signalman or foreman hand in  c h a r p  of the con- 
struction must also be provided with a truck, lamps, heliotropes, and 
other equipment for  testing lines. 

As soon as the observations on one or more of the rear towers arc’ 
finished, the chief of the observing par ty  will notify the rear con- 
struction subparty which take the towers down. 1Jsu:tlly the noti- 
fication will be made through the  rear light keeper, by ( d e  signals. 
Wi th  two observers, one on each side of the scheme, usiinlly two 
towers are  ready to  be taken down on the same day. Therefore as 
soon as the rear construction subparty has taken down on: tower 
it moves across the sdirnie to the second tower and takes it down 
also. Then the materinl of each com lete tower is loadetl on one of 

site of a new station, where one of the advance subparties will re- 
erect it. Each forward subparty carries an  extra set of anchors and 
;IS soon as it reaches the site of a new sfation the men dig the holes 
:ind set the anchors, so nsually ev.erything is in  readiness to begin 
erecting the tower as  soon as  i t  arnves. 

For a double observing par ty  therr should ortliniirily be 12 towers, 
8 of whit-h will usually be standing while 2 towers at the rear are 
being taken down and 2 a t  the forward end are  being erected at 
new stations. 

Under certain conditions it is necessary tha t  the two advance sub- 
parties should have one or more additionid men to assist in digging 
holes. I n  localities where extrti labor can 1)e employed the chief of 
the, construction party can go ahead, miirk oiit positions for  the holcs. 
and employ the necessary men to dig the holes antl have them rent-ly 
for the anchors when the construction party arrives. 

A party organized as described in’ the preceding pnragrnphs can 
take down, move, and erect an average of 30 towers per month if 
the observing party is not seriously delayed by bad wtlather. 

one chief of par ty  may have charge o s both the tower-building antl 

One man of each subparty acts as foreman. 

the 21h-ton trucks (or truck and trai P er)  antl moved forward to the 
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Care should be taken in selecting for the building part men s e- 

10 inches to 6 feet in height, should weigh not more than 170 pounds, 
and should not be more than 35 years of age. They should be of the 
athletic type and not given to  talking while a t  work, except when 
they have something important to say. The two men for the trucks 
used in moving the towers must be careful drivers and good mechan- 
ics who can keep their trucks in good order. They must be men 
who can find their way through new country and who will coopc.rate 
with the building parties. Usually the truck driver is at the rear 
when a tower is being taken down and should assist in that work. 
I n  return, the forward and rear subparties should assist the truck 
driver in loading and unloading. It is teamwork that makes the 
work move along smoothly. When any member of a party becomes 
grouchy and does not show a proper disposition to  cooperate with 
other members of the party, it  is advisable to displace him. 

As it is often necessary for the parties to move a t  night, each truck 
should be provitlctl with a gootl lighting system. 

cially fitted for the work. Men working aloft should be 9 P  rom 5 eet 

COOPERATION OF THE BUILDING AND OBSERVING PARTIES 

The officer in charge of building should camp in some large town 
about 75 miles ahead of the observing parties, where he can visit his 
two forward subparties and also be in touch with his truck drivers 
who are hauling tlie steel towers up from the rear. The chief of 
party, who is with the main observing party most of the time, can 
then be familiar a t  all times with the location of the officer in charw 
of building and can reach him by telephone or telegraph, in case &- 
strutted lines or other troubles are encountered when the stations are 
occupied. On a combined building ancl observing party it is quite 
necessary that the foreman or officer in charge of all building operu- 
tions shall return each day to his temporary headquarters, and he 
should arrange for someone to receive all messages ancl phone calls 
in order that the chief of party as well as each of his foremen and 
truck drivers may comniunicatr with him. 

LOCATION O F  STATION 

The station is often located on or near tlie fcnw line on the side of 
a public highway. Often a telephone line is d o n g  the same side of 
the highway. In building the tower the telephone wires can pass 
through or along the side of the tower but they should not touch the 
inner tower. I f  the wires conic? near or touch any part of the outer 
tower? a few layers of old inner tire tulw shoidrl be placed between 
the wire and the tower. I n  this way the tele1)lionu wire can be made 
fast to the outer. tower if necessary to prevent it from touching the 
inner tower. Thta towers :ire also easily put up among trees without 
any clearing or cutting of limhs. 

SECURING AUTHORITY TO ESTABLISH STATIONS 

It shall be the duty of thc officer in cI1ar e of the building to obtain 

tower erected. The regulations state that sottlcmcnt> may be made for. 
clmiages incurred in cutting trees or destroying crops, provided a 

the permission of the property owners Y lefore a mark IS set ant1 
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written tqpenient is nii~de with the landowner before the damage is 
clone. It,  will usually be found to be the case that, if  the purpose of 
the survey is ex lained to the property owner beforehand, permission 
will be grantecfand no damages will Le claimed. If  damages are 
claimed, the aniount must be determined beforehand on a. basis of 
the value per acre of actual damages to crops or the unit value of in- 
juries to trees. I f  crops are damaged, the area involved should be 
nit~as~ired and the damages computed, using the value per acre agreed 
upon. IJsually the amount is so small that the property owner does 
not insist on payment. I f  trees are cut it is ver essential that the 

should a station be established without interviewing the property 
owner and arrivin a t  a basis of settlement. Much trouble has been 

amount of damages be agreed upon beforehand. 6 nder no condition 

caiised in the ast f )y carelessness in this respect, 
The chief o ff party should instruct all employees that, if any prop- 

erty owner discusses the matter of damages, they should tell him that 
actual damages only ran be paid and tlitit payment ciin only be made 
in the event of u prior ngreeinent. 

EQUIPMENT FOR BUILDING PARTY 

Tlie following is :L list of articles i-tvpired for the different units 
of the party. 

OUTFIT FOR FORWARD BUILDING SUBPARTY OF FOUR MEN 

5 
1 

1 

3 
I 
1 
2 
4 
1 
2 
1 
1 
1 
4 

1 
1 
6 
1 
2 
1 
1 
1 
3 
1 
1 

1 

1 

1 
3 
3 
1 

4 
4 
2 
1 
3 
2 
2 
1 

1 
1 
I 
1 
1 
-4 
1 

1 
1 
1 

, - 
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OUTFIT FOR REAR DISMANTLING SUBPARTY OF FOUR MEN 

1 

1 

3 
1 
2 
1 
1 
2 
1 
4 

1 
2 
1 
1 
1 
‘L 
2 

1 

Mess outfit, complete., inclucling all 
cooking utensils _______--_____- 

Pick----__________-___-----_--_- 
Pliers, wire _ _ _ _ _ _ _ _ _ _ _ _ _  ---- -__- 
l’ocLk(ts, canvas, with belts lor 

bolts, nuts, and wrmchc%-_---- 
I’iinches, special tolver - _ - _ _ _ - _ _ _ _  
Saw, hand _______---- ---- ---__ 
Whovcls _ _ _ _  - _ _ _  ___-- ---_ - _ - - - - - 
spades, regular- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Stove, 3-bui~ier Kam1) Kook_---__ 
Strap, leather, 18-inch with rings 

to  serve as bridle between the 
two parts of the hauling liue 
just  above the stray line _ _ _ _ - _ _  

Table, campmade _ _ _ _ _ _ _ _ - - _ _ - _ _  
Tarps, bed_--____-----------_--- 
Telescope, draw _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ -  
Tents, 9 by 9 foot, criiter p o l ~ ~ - -  - 

Tent, 7 by 7 foot, center pok __-- -  
Towel% etc _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Truck, 1 to 1% ton, c20mI)lc4e with 

tools and t:rrpriulin _ _ _ _ _ _ _ _ _ _ _ -  
Washbasins __________--__--___-_ (4r 

1 
1 
3 

4 
2 
1 
3 
2 
1 

1 
1 
4 
1 
2 
1 

(9 
7 

Wire, No. 14 gauge, soft stinv- 

Wrenches, open end for tower---- 
pipe, bundle _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  1 

4 

OUTFIT FOR TRUCK DRIVER MOVING TOWERSK 

TRUCK FOR TRANSPORTING TOWERS 

Figure 14 shows the type of triick used for  transporting the steel 
towers. The  body is 14% feet long and has a slide door opening in 
the front  end, a t  each side of the cab. The long members of thc 
tower can project forward along the side of the  cab. The truck’s 
rated capacity is 21,4 tons which is the total weight of a 90-foot 
tower. The  total weight of a 103-foot tower is about 6,400 pounds, 
which is about 25 per cent overload. The  truck has ample power and 
will carry a 103-foot tower over ordinary roads. However, in 
regions that require the frequent use of a 103-foot tower, it is atl- 
visable to use a two-wheelctl trailer in connection with the 21,5-toii 
truck. 

.\R nredcd. 
This  truck driver is eithw on thc road or  with the forward or rear l n ~ l l d l n ~  p: l t t ied .  

and therefore hc does not ncvd ii rxmp outfit uther than zis nimtioncd In this l ist .  
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PIGCKE 1 l.-T\\.o-nn~-n-h;~lf-toil trucks for u.ie i n  trailsporting lowers  


